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(54) ZOOM LENS 
(57)Abstract: 

PURPOSE: To reduce the size and weight of the zoom lens by 
composing a 1st and a 4th group of <3 lens elements, and satisfying 
specific conditions. 

CONSTITUTION: The 1st group and 4th group which have positive 
refracting power in order from the object side consist of <3 lens 

elements which have small refracting power on the whole so as to _ p , im , t < Hf§w < 2 j^m, F 
compensate aberrations. In inequalities I - III, HFIIIIV is the front * *' < u s "7 ~T7 

principal point of the composite system of the 3rd and 4th groups * ' h ' *' U * < * 11 
on the telephoto end. tlV is the overall thickness of the 4th group " 2 - r TT r * • * ti < >• 5/ f • li 
(distance from the surface closest to the object side to the surface 
cfosest to the image side), tl the overall thickness of the 1st group, 
and f2 and fr the focal lengths f the whole system at the wide-angle 
end and telephoto end. Consequently, the diameter and thickness of 
the 1st heaviest group decrease without any decrease in marginal 
light nor deterioration in image forming performance and the overall 
length becomes shorter, so that the size and weight are reduced as 
compared with a zoom lens with conventional specification. 
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22. 035 


52. 38 


D3 


14. 721 


10. 956 


1.800 


D i 1 . 000 


12.572 


17.288 * 


D4 


6. 989 


10. 754 


19.910 


II F n 




- f T =0.411 . 


L , / J 




= 0 . 


3 4 6 



t r/ / -J f w F T = 0.277 

Um| - J f « • f r = 0.350 

lUs/(n P -n„W fw-f T =3.21 /o 

SlffiOT 2 

f = 9mm -54mm. F/1. 56-2.31 

2 to = 48. 8° -9.2° 
r i =26. 3524 

d i=1. 5000 ni=1.84666 i =23. 78 
r 2 =19. 2969 

d2 =0. 1600 
r 3 =19. 8317 

d3 =5. 7000 ii 2 =1.69680 v 2 =55. 52 20 
r 4 =159. 5293 

d4 = Di mm 

r 5 =96. 7480 

ds =0.9000 ii3 =1.83400 v 3 =37. 16 
r 6 = 1 1. 2280 

de=3. 2000 
r 7 =-17. 3804 

d 7 =0.8000 n4 =1.63854 v 4 =55. 38 
r 8 = 16. 8698 

ds=3. 2000 n 5 =1.84666 v 5 =23. 78 30 
r 9 = -73. 6884 

d9 = D2 (oJ3E) 
r 10 =00 k) ) 

dio = D3 ("J"^) 
r 1 1 =41. 7164 

d m=3.1000 n 6 =1.69680 v 6=55.52 
r 12 = -39. 8526 

d 12 =0. 2000 
r 13 =18. 2916 

» f ■ w / ^ mr =0.379 . 

t (v / V f ~ - FT = 0. 227 

I*.-) - ^ mr = 0.234 



v » „ - v , „ = 30.08 

= 1.60311 v 7 =60. 70 

= 1.84666 v s =23. 78 

= 1.69680 v 9 =55. 52 

= 1.80100 v io=34.97 

= 1.74950 vii =35.27 

= 1.51633 vi2=64. 15 
= 1.54771 v 13=62.83 

= 1.51633 vm=64. 15 



d 13 =3. 3000 n? = 
r 14 =664. 7190 

d 14 =1.0000 
r 15 = -29. 5242 

d 1 5 = 1 . 0000 n a = 
r 1 6 =36. 9394 

die =3.4000 n9 = 
r 1 7 = —30. 81 19 

dw = D4 mm 

r 18 =23.5455 

d 1 8 = 1 . 0000 n \ 0 
r i9=9. 1620 

d 19 =1. 0000 
r 20 = 14.0184 

d 20 =3. 0000 nn 
r 21 = — 106. 8065 

d 2 1 =1. 8000 
r 2 2 = 00 

d 2 2 = 1 . 6000 n 1 2 = 
r 23 =00 
d 23 =4. 4000 n 1 3 = 

r 24 =00 

d24 =2. 6000 
r 2 5 =00 

d25 =0.6000 nu = 
r 26 =00 

f 9.27 
D 1 1 . 000 

D2 19.946 
D3 11.038 
D4 6.989 

t> 1 / J f«-f T 



22. 035 
12. 502 
8. 444 
6. 749 
11.279 



52. 38 
19. 946 
1.000 
0. 732 
17.295 



= 0.334 
3 1.74 



i^„-v„„= 0. 3 



R « m / J f ~ • f t =-3.34 



-7- 



(8) 



15 



R a b / ( n „ - n n ) J f«'f T =3.68 . V * „ - V * p 

R a9 /R 3 4 = - 0.04 . i/ 3 p-v,n = 33.47 



^f^F 2 9 2 0 5 4 9^ 

16 

= 22.49 



HSiffi 3 

f = 9mm- 54mm, F/1. 56-2. 31 

2 u, =48. 8° -9.2° 
r i =27.5339 

d i =1.5000 m =1.84666 v i =23. 78 
r 2 =19. 2203 

d2 =0. 1600 



* d 1 4 = 1 . 0000 
r is = -29. 8674 

d .5 = 1.0000 ns = 1.84666 v 8=23. 78 
r 16 =35. 4843 

die=3.4000 n9 = 1.69680 v § =55. 52 
10 r » 7 = -30. 5387 



r 3 =19. 6352 








r 18 =242. 5055 








d 3 =5. 7000 n2=1 


. 71300 


v2=53. 84 




d is =3. 0000 


n i o 


= 1. 74950 


v io=35. 27 


r 4 = 170. 0287 








r 19 =13. 9740 








d4 = Dl (13J*) 








d 19 =1. 


0000 








rs=60. 1293 








r 20 = -9. 7090 








d 5 =0.9000 n3 = 1 


. 83400 


v3=37. 16 




d 20 =1. 


0000 


n i i 


= 1.80100 


v 1 1 =34. 97 


re = 10. 9451 








r 21 =-25.6445 






de =3. 2000 








d 2 1 =1. 


5000 








r 7 = — 18. 51 12 






20 


r 22 = 00 










d 7 =0.8000 n4=1 


. 63854 


v 4 =55. 38 




d22 =1. 


6000 


n i 2 


= 1.51633 


v 1 2 = 64. 15 


r8 = 16. 2958 








r 23 = 00 










da =3. 2000 ii5 = 1 


. 84666 


v s =23. 78 




d 23 =4. 


4000 


n i 3 


= 1.54771 


vi3=62. 83 


r 9 = -100. 1631 








r 2 4 =oo 










d9 = D2 (TTf^c) 








d24=1. 


5000 








r io=oo (jj&fj) 








r 25 =oo 










dio = D3 (^) 








d25=0. 


6000 


n i 4 


= 1. 51633 


v 14=64. 15 


r i i =38. 4186 








r 26 =oo 










d i i =3. 1000 ne = 


1.69680 


ve=55. 52 




f 


9.27 


22. 035 


52. 38 


r 1 2 = —51. 2382 






30 


Di 


1. 


000 


12. 575 


19.842 


d 1 2 =0. 2000 








D2 


19. 


842 


8. 267 


1.000 


r 13 = 17. 0011 








D3 


11. 


023 


6. 599 


0.019 


d 13 =3. 3000 117 = 


1.60311 


v7=60. 70 




D4 


6. 989 


11.414 


17.994 



r i4 =258. 8131 



H F n iv / V f ^ - f T = 0.248 

t N / J f w f T =0.227 
. o I - J f » - f T = 0.269 



V i p - V i „ = 



= 0.334 
3 0.06 



40 



~~F7 =-4.55 



Va«-Vao = 22.49 



R a6 / ln P -n„) J f w - f T =3.55 . 

Ra s/R 3 4 = -0. 12 . D 3 s/ J fp'fr =0.25 

V3 P -v 3 n = 33.4 7 



f = 9mm -54mm. F/1. 5-2. 27 



2 u>=48. 8° -9.2° 
50 r. =119. 4754 



-8- 



(9) 



MfB? 2 9 2 0 5 4 9^ 



17 

di =1.5000 ni -1.84666 v i =23. 78 
r 2 =43. 2372 

d2 =0. 4000 
r 3 =54. 7653 

d3 =3. 2000 ri2 =1.60311 v 2 =60. 70 
r 4 = -254. 7500 

d4 = 0. 2000 
r s =31. 6910 

ds=3. 4000 n3 =1.72000 v 3 =50. 25 
re =297. 4947 

d6 = Dl («[^) 
r 7 =1667. 8492 

d 7 =0.9000 n4 =1.83400 v4=37. 16 
r a = 12. 9936 

da = 2. 6500 
r 9 = -20. 7415 

d9 =0.8000 n 5 =1.63854 v 5 =55. 38 
r io=15. 6937 

dio=3.5000 n6 =1.84666 v 6 =23. 78 
r 1 1 =-142. 7071 

dn=D2 (of^) 

D2=oo ) 
dl2=D3 (^T3£) 

r 13 =35. 2771 

d 13 =3. 6000 n 7 =1.70154 v i =41. 21 
r M = -42. 6217 

d 1 4 =0. 2000 
r is =20. 2984 

d i5 =3. 2000 n8 =1.60311 vs=60. 70 
r 16 =107.9479 

H F B w / J f w - f - = o 

t ff / J f YT f X = 0. 
l0.n|' J f w - f X = 

v+*-r*+ n = 5.13 



18 



* d 16 =1.5700 
r w = -30. 2741 

d 17 = 1.0000 n9 = 1.84666 v 9 =23. 78 
r 18 =18. 2629 

d is =5. 8000 nio=1.70154 v 10 =41. 21 
r 19 = -28. 3801 

dl9=D4 (^Jg£) 

r 2 o=38. 3921 

d 20 =3. 7000 nu =1.76200 v 1 1 =40. 10 
10 r 2 1 = — 15. 0610 

d 2 1 =0. 5000 
r 22 = -11. 7076 

d22 =1.0000 ni2 =1. 80100 vi2=34.97 
r 23 = -166. 6666 

d 2 3 = 1 . 0000 
r 24 = 00 

d24 =1.6000 ni3 =1.51633 vi3=64.15 

r 25 =00 

d25 =4. 4000 n 14 =1.54771 vm=62. 83 
20 r 2 6 = 00 

s 2 6 = 1 . 0000 

r 2 7 =00 

d 27 =0.6000 ni5 =1.51633 vis =64. 15 



r 28 =00 








f 


9.27 


22. 035 


52. 38 


Di 


1.000 


12. 252 


19.278 


D2 


19. 278 


8. 026 


1.000 


D3 


14. 637 


9. 499 


1. 913 


D4 


10. 124 


15. 262 


22. 849 


t , / J 




= 0 . 


3 9 5 



* 30 
.3 6 0 . 

236 • v, p -v ln = 31.695 

0.273 . ^ip./^ip* =0.653 



R a « / J f w • f T — -6.48 

R * */ ( n P - n * ) J f w • f t =3.42 . v 2n - Vap = 22.49 
R 35 /R 3 « = -0. 2a . D 3 s/J f v - f T =0.12 
v 3 p -v 3 n = 23.93 



f = 10mm- 27mm. F/2. 33-2. 67 

2w=44.4 c -18.2° 
r i =25. 5444 

d i=1.5000 m=1.84666 v 1 =23. 78 
r 2 = 15. 6418 



d 2 =0. 2700 
r 3 =17. 3749 

d 3 =4. 0000 n2 =1.69680 v 2 =55. 52 
r 4 = -69. 0299 

d4 = Dl 

50 r 5 =395. 7212 



-9- 



(10) 



4#rF2 9 2 0 5 4 9^- 
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20 




ds = 0. 9000 


ii3 =1. 72000 


v3=50. 25 






* r »6 =8. 5694 








r 6 =11. 8571 










d i6 =0. 6600 








d6 =1. 7400 










r m=23. 6229 








r 7 = -10. 3805 










d 17 =3. 0000 


11 9 = 1 


. 83400 


v 9 =37. 16 


d? =0. 8000 


ih=1. 62280 


v 4 =57. 06 






r is = -14. 6232 








r 8 = 17.2915 










dl8 = D4 (BfK) 






ds =1. 8500 


n 5 =1.84666 


vs=23. 78 






r i 9 = co 








r 9 = -62. 4366 










d i 9 = 1 . 6000 


n i o = 


1. 51633 


v i o = 64. 1 5 


d9 = D2 (»]"£:) ' 








r 20 = co 








no=oo (££ V) ) 








10 


d2o =4. 4000 


n i i = 


1. 54771 


v i i =62. 83 


d 10 = 03 ("J^) 








r 2 1 = °o 








r ii =15. 8400 










d2i =2. 6000 








d i i =2. 5000 


ii6 = 1. 69680 


v6=55. 52 






r 2 2 = co 








r 12 = -31. 0270 










d22 =0. 6000 


n i 2 = 


1. 51633 


v 1 2 =64. 15 


di2 =0. 2000 










r 23 =co 








r 13=12.3184 










f 10. 


300 


16. 410 


26. 190 


di 3 =3. 9771 


ii7 =1. 60311 


v7=60. 70 






Di 1J 


000 


5. 595 


10. 062 


r i4 = -40. 7505 










D2 10.062 


5. 457 


1.000 


di4 =0.3600 










D3 4.213 


2. 741 


1.800 


r is = -15. 8226 








20 


D4 l.i 


000 


2. 472 


3.413 


d is =5. 5621 


ii8=1.80518 


v 8 =25. 43 


* 














\\r *n / S * w - T T =0. 


14 5 




t , / J f « 


f T 


= 0 . 


3 5 1 




tv/J f 


» • f T = 0. 


531 




V i p - V 


1 n = 


31.74 


1*1 n I ' 


J fwf 


r =0.321 






r 1 1 =13.8345 
dii =3.0000 


11 6 = 1 


.80610 


ve=40. 95 


31*61*16 










r 12 = -25. 0010 








f = 10mm- 27mm, F/2. 3-2. 66 








d 1 2 =0. 3300 








2 co =44. 4° -18.2° 






30 


r i3 = -14. 3814 








r i =25. 1679 










di3 =6. 0000 


rw =1 


.80518 


v 7 =25. 43 


di =1.5000 


ni =1. 84666 


vi =23. 78 






r 14 =16. 9003 








r 2 =13. 6950 










dM=0. 7700 








d 2 =0. 2500 










r 15 = 182. 2337 








r 3 = 14. 8428 










d is =2. 7000 


n 8 = 1 


.61700 


vs=62. 79 


d3 =4. 4000 


H2 = 1. 78590 


v 2 =44. 18 






r is = -14. 2223 








r 4 =-104. 4048 










die=0. 2000 








d4 = Dl ( "T *Jt ) 








r 17 =20. 1274 








r 5 =31. 2720 










dw=3. 0000 


11 9 = 1 


. 56873 


v9=63. 16 


ds =0. 9000 


n3 =1.83400 


v3=37. 16 




40 


r is = -37. 0475 








r 6 =8. 1006 










die = D4 ("51^) 






de =2. 1100 










r 1 9 =co 








r 7 =-8. 4781 










d 1 9 = 1 . 6000 


11 1 0 = 


1.51633 


v i o =64. 15 


d ? =0. 8000 


n4 =1.62230 


v4=53. 20 






r 20 = co 








r b = 12. 1584 










d2o=4. 4000 


11 1 1 = 


1.54771 


v i i =62. 83 


da =2. 2000 


ns =1. 84666 


vs=23. 78 






r 2 i =co 








r 9 = -37. 5548 










d 2 1 = 1 1 . 5000 








dg = i)2 (»r^) 








r 2 2 =co 









d»o = D3 (»r^) 



d 22 =0.6000 ni2 = 1.51633 v 12 =64. 15 

50 r 2 3 = co 



10 



(11) 



21 



D3 
D4 



f 10.300 16.398 26.190 * 
Di 1.000 5.103 8.934 
D2 8.934 4.831 1.000 * 

"For// J 1 ~ - t -r = O. 4 39 . t . / J — f „ - f T 



22 

5.052 3.176 
1.000 2.876 



2 9 2 0 5 4 9^ 

1.800 
4.252 



t iv / -7 t w f t = 0.537 
J f « - f -r = 0.435 



= O. 374 
v i » = 2 0.4 



f = 6mm— 36mm. F/2. 0—3. 0 
2 vj =50. 2° -9. 4° 
r i =oo 

d i =1.2000 m=1.80518 vi =25. 43 
r 2 =56. 7851 

d 2 =2. 4000 n 2 = 1.60311 v 2 =60. 70 
r 3 = — 161. 4902 

d3 =0. 2000 
r 4 =29. 8795 

d*=2. 5000 n3 =1.72000 v 3 =50. 25 
r 5 =198. 0057 

ds = Di (bT3C) 
re = -143. 3755 

d e =0.8000 n4 = 1.83400 v 4 =37. 16 
r 7 =10. 4625 

d 7 =1. 6400 
r 8 = -24.0267 

d 8 =0.7000 n5 = 1.69680 v 5 =55. 52 
r 9 =9. 7268 

d 9 =2. 6000 n 6 = 1.84666 v 6 =23. 78 
r 10 = -196. 2001 

dio = D2 ("IBS) 
r 1 1 =00 

d 11 =D3 («n£) 

r 12 = 15. 1505 

d 12 =2. 7000 ii 7 =1.70154 v 7 =41. 21 
r 13 =31. 1033 

d 13 =0. 1500 

HPdn / J r w - * -r = - 0.0701. t w / -y f w • f T = 0 . 2 5 8 7 



r ,4 = 11.4090 
di4 =2.5000 ns=1. 62299 vs=58. 14 
10 r 15 =93.5986 
d 15 =0. 6400 
r is = -20. 8467 

d 16 =0.8000 n9 = 1.84666 v 9 =23. 78 
r 17 =6.8113 

di7 =4.0000 nio = 1.70154 vio=41.21 
r is = -22. 5291 

d 1 8 = D4 ( Pf^) 

r 19=32. 6140 
d 19 =1.0000 nii=1.75700 vii =47.87 
20 r 20 =6. 3891 

d2o =0. 7000 
r 21 =15. 2540 

d2i=2. 1000 n 2 = 1. 75520 v 12 =27. 51 
r 22 = -33. 3263 

d22 =3. 0000 
r 23 =00 

d 23 =3. 5000 ni3 =1.54771 v 13 =62. 83 

r 24 =00 

d 24 =1.0000 

30 r 25 =co 

d25 =0.6000 ni4 =1.51633 vi4=64. 15 



r 26 =00 








f 


6. 180 


14. 690 


34. 918 


Di 


1.200 


12. 898 


19.820 


D2 


19. 620 


7. 922 


1.000 


D3 


7. 878 


5. 706 


1.680 


D4 


1.000 


3. 171 


7. 197 



fc 1 / J f w - f r = 0.4 2 8 9 



* * * / J t w - f t = -13.356 

Ras / (n P -n„) J f w . f T = 4.418 

v 2 „ - v 2 p = 2 2 . 5 6 . R J5 /R 8 4 =- 0.2 2 2 7 



D 3 * / -y f w F~r = 0.054 5 . V3x>-v*„=23.07 
v-»*-v*~ = - 20.36 . J" f w ■ f T / f w = - 0.2443 



-11- 



23 



(12) ^2 9 2 0 5 4 9f 
24 

v IP 'v In = 30.04 5 . I * , n I J f w * f t = 0.2 0 8 3 
*ip./0ip 2 = 0.6944 

* r m=128. 6507 



f = 6mm— 36mm. F/2. 0- 


3.0 






d 14 =0. 6600 








2 uj = 50. 2° -9.4° 








r is = -20. 3963 








r i =31. 2146 










dis=0. 8000 


n 8 = 


= 1.84666 


v a =23. 78 


di =1.2000 


n i =1 


. 84666 


V I 


= 23. 78 


r i6 =7. 2420 








r 2 =21. 6454 










10 d is =4. 4000 


n 9 = 


= 1.70154 


v9=41.21 


d2 =0. 0600 










r w = -16. 8465 








r 3 =22. 1 743 










d 1 7 = d 4 ( pJ 


m 






d3 = 3. 5000 


11 2 = 1 


. 72916 


v 2 


= 54. 68 


r 18 =37.5428 








r 4 = -796. 4660 










d is =1.0000 


n i o 


= 1. 75700 


v io =47. 87 


d 4 = o i 








r i9 =7. 3588 








r 5 = -1267. 1743 








d 19 =0. 8300 








ds = 0. 8000 


113=1 


. 83400 


V 3 


= 37. 16 


r 20 =21. 8186 








r 6=9. 6413 










d2o=2. 1000 


n i i 


= 1. 76182 


v 1 1 =26. 52 


de =1. 9100 










r 2i =-23. 6693 








r 7 = -13. 9370 










20 d 2 1 =4.5000 








d 7 = 0. 7000 


11 4 = 1 


. 69680 


V 4 


= 55. 52 


r 22 =oo 








r s =11. 6953 










d 22 =3. 5000 


n 1 2 


= 1.54771 


v 12 =62. 83 


da = 2. 6000 


11 5 = 1 


. 84666 


V 5 


= 23. 78 


r 23 = °o 








r 9 = -41.5358 










d 23 = 1. 0000 








d9 = D2 (»F£) 








r 24 =oo 








r io=oo (gfcg) 










d 24 =0. 6000 


n i 3 


= 1.51633 


v 1 3 = 64. 15 


d 10 = 03 (nj^) 








r 25 =oo 








r i i =19. 7110 










f 6. 


180 


14. 690 


34.917 


dii =2. 7000 


n e = 


1. 70154 




6=41.21 


Di 1. 


too 


12. 039 


18. 466 


r 12 = —32. 0635 










30 D2 18.366 


7.426 


1.000 


d 1 2 =0. 1500 










D3 8.356 


6. 020 


1.500 


r i3 = 1 1. 4825 










D4 1.000 


3. 336 


7.855 



d 13 =2. 5000 ri7 =1.62299 v 7 =58. 14 * 
H F ■ n / J f w f t = Q . 15 6 6 



f - - -f ~r~~ = 0.267 5 



t , / J f w - f t = 0.3240. R 3 o / J f w - f -r = -2.627 



R 2S / ( n P - n „ ) J f w ■ f t = 5.313 
V2„-v 2p = 2Z. 56 . Ras/R 3 « =-0.1585 

D 3 * / J f» ft = 0.0545 . va„v 3 « = 23.07 



-V 4 „ = - 21. 35 . J f w • f T / f w = - 0. 1313 
f.-v lf% =30-9 . I <*> , „ | J f w - f T = o . 16 6 0 



I" = 6mm -3 6mm. F/2. 0 — 3. 0 
2 «, =50. 2° -9. 4° 



r i =23. 7980 
d i=1. 2000 m=1.84666 v i =23. 78 
50 r 2 =18. 4494 



-12- 



(13) 



2 9 2 
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d 2 =0. 1200 
r 3 = 19. 1669 

d3 =3. 7000 n 2 =1.72916 v 2 =54. 68 
r 4 = 129. 3407 

d4 = Di i*im 
rs=74. 9820 

ds=0.9000 n3 = 1. 83400 v 3 =37. 16 
re =7. 9166 

de = 2. 6900 
r 7 = -13.5440 

d 7 =0.8000 n4=1.62606 v 4 =39. 21 
r a =9. 8227 

d8 =3.2000 ns=1. 80518 vs=25.43 
r 9 = -27. 6825 

d9 = D2 («TS) 
r 10=00 

d jo = D3 (rT^) 
r i 1 =14. 8485 

d 1 1 =2. 6000 ns =1.78590 v 6=44. 18 
r 12 = -59. 1678 

di2=0. 1500 
r 13 = 15. 8224 

di3 =3.8000 n 7 =1.6031 1 v7=60.70 
r M = -11. 5860 

H F a u / V t « - f -r = Q 



26 



* du=0.8000 ns = 1. 84666 vs=23.78 
r 15 =20. 6356 

dl5 = D4 (nj^) 

r 16 =12. 4862 

d is =1.0000 ii9 = 1.68893 v9=31.08 
r w=7.3928 

d w=0. 7200 
r 18 =14. 0765 

d is =2. 3000 nio = 1.80518 v 10 =25. 4 
JO r 19 = -66. 8817 

di9 =4. 5250 
r 20=00 

d 20 =3. 5000 mi =1.54771 v 1 1 =62. 6 
r 2 1 =00 
d2i =1.0000 

r 22 =00 

d22 =0.6000 ni2 = 1.51633 vi2=64. 1 



20 



r 23 =00 








f 


6. 180 


14. 690 


34.919 


Dj 


1.000 


11. 168 


17. 753 


D2 


17. 753 


7. 585 


1.000 


D3 


11.661 


7. 626 


1.500 


D4 


1.000 


5. 035 


11. 161 



5 7 4 5. 



- / J f « f -r 



t 1 / J f w - f T = 0.3417 

R * 5 / (n P -n n ) J f Z - f T = 3,733 

^n-yap= 1 2 . 755. D 35 / J f„f T 
v 3p -v 3n = 28.66 
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= 0.2737 
=-1.884 

=0.0545 



(H3 l +R sz )/(R 3l -R aa )=- 0 .5988 
i^4 P -v 4n =-5.65 . /f»'f T / f w = 0.4909 

^. p-v, „ = 30. 9 . I 0 , „ I -7 f „ - f T = 0.1359 



f = 6mm-36mm, F/2. 0-3. 2 

2 cu=50. 2° -9.4° 
r 1 =27.4156 

d 1 =1.2000 m=1.84666 v 1 =23. 78 
r 2 =17. 5554 

d2 =3.7000 n 2 =1.72916 v 2 =54. 68 
r 3 =299. 8897 

da = Di (»r^) 
r 4 = -328. 5711 



d 4 =0.8000 ii3 = 1.83400 va=37. 16 
r 5 =8. 7329 

d 5 = 1 . 9800 
re = -11. 3687 

d 6 =0.7000 n 4 =1.72342 v 4 =38. 03 
r 7 =10. 0021 

d 7 =2. 8000 n5 = 1.84666 v 5 =23. 78 
ra=-23. 3617 

d8 = D2 (Brag) 
50 F 9=oo (jfgrj) 
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dl6 = D4 (»J^) 
r 17 =10. 4530 

d i7 =1.0000 n9 =1.80518 vg=25. 43 
r is =6. 6401 
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* r 22 =oo 

d 2 2 = 1 . 0000 

r 2 3 = °o 

d23 =0.6000 ni2 = 1.51633 vi 2=64.15 



d is =0. 5500 


r 2 4 = oo 








r i9 =10. 2529 


f 


6. 180 


14. 690 


34.919 


d 19 =2. 4000 n io = 1.74950 vio=35.27 


Di 


1.000 


11. 157 


17.728 


r 20 = -80. 9966 


D2 


17. 728 


7.571 


1.000 


d20 =2. 0000 


D3 


11.577 


7. 595 


1.522 


r 2 1 =oo 


10 Da 


1.000 


4. 982 


11.055 



d2i =3. 5000 n i i =1. 54771 v i i =62. 83 



t iv / J X w - f t- = O . 2 6 8 9 



H F a N / V ft** X t = 0.8 67 3. 

ti/J fwf T =0.3513, R aa //T7TfT = -1.554 

/ ( n „ - n „ ) J t w - X T = 4.319 

w-.-v.p= 1 2. 705. D 35 / J f w . r T "' = 0.4084 
v* P -v 3n = 32.68 

(R3 i+Raa) / (R j 1 - R 3 j ) = -0. 3632 



v „ - V . 



= D. 8 4 



v , „ - v , „ = 30.9 



J X w * Ft/ X w = 0.6044 
I 0 1 n I -/ X w * X T = 0 . 18 12 



f =6 mm— 36mm. F/2. 0-3. 5 

2 co =50. 2 L -9.4° 
r 1 =24. 5467 

d i=1. 2000 m=1.84666 v 1 =23. 78 
r 2 =19. 5142 

d2 =0. 1200 
r 3 =20. 3207 

d 3 =3. 5000 n 2 = 1.72916 v 2 =54. 68 
r 4 =122. 6814 

d4=Dl (TTf^) 

r 5 =83. 5379 

d 5 =0.9000 ti3 = 1.84666 v 3 =23. 78 
re =7. 6564 

d 6 =2. 8600 
r 7 = -13. 2999 

d 7 =0.8000 n 4 = 1.58144 v 4 =40. 75 
r s = 10. 2960 

da =3. 3000 n 5 = 1.84666 v 5 =23. 78 
r 9 = -28. 6984 

d9 = D2 

r 1 0 = «j i) ) 
d io = ]^3 (»P£) 



r 1 1 =20. 0754 

dn=2. 3000 n6 =1.65844 v 6=50. 86 
30 r 12 = -75. 9867 

d 12 =0. 1500 
r 13 =21.5360 

d 13 =2. 0000 n 7 =1.65844 v 7 =50. 86 
r 14 =822. 9372 

d 14 =0. 1500 
r 15 =20. 7525 

d 15 =2. 8000 ii8 = 1.65844 v 8=50.86 
r 16 = -21. 7699 

d 1 6 =0. 0900 
40 r 1 7 = — 19. 01 13 

d 17 =5. 0000 n 9 =1.80518 v 9 =25. 43 
r 18 = 11.4051 

dl8 = D4 

r 19 =9. 4236 

dig = 1.0000 nio = 1.80518 no =25. 43 
1-20=6. 7197 

d2o =0. 4300 
1-21 =9. 2259 

d 2 i=2. 5000 nu=1.73520 vn =41.80 
50 r 22 = -1096. 7302 
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d 2 2 = 1 . 5000 




* r 26 = °° 








r 23 =co 




f 


6. 180 


14. 690 


34.919 


d23 =3. 5000 


ni2 =1.54771 v 12=62. 83 


Dt 


1.000 


11.700 


18. 420 


r 24 =oo 




D2 


18. 420 


7. 720 


1.000 


d 24 =1. 0000 




D3 


12. 680 


8.377 


1.609 


r 25 =co 




D4 


1.000 


5. 303 


12. 072 



d25 =0.6000 ni3 =1.51633 v 1 3 =64. 15 * 

HF BW /V twf T =1.2112. t N /J f w - fx = 0.26 7 5 

t i /J f w - f -r = 0.3 2 8 1. R 2 ./ J f..f T = -1.954 
R as / (n n -n„) -/ f w . f T ~ =2.643 

v a «-v 2p = 8.485 . Da 6 /J fw.fr =0.3404 
v3 P -v 3n = 25. 43 

(R3,+R 32 )/(R 3l -R aa ) = -0.5820 
"4p-i/«„ = 15. 65 . 7 fwf T 7f w = 0. 7168 

v.p-v,„=3o.d . i * , „ i /"nrrr = o . ug4 



f;f:L r i, T2, ---(i U> X#igoOtHi*$S±£fl, d i , d2 . 

> X'c/)JaI#r-T^ vi. v2. U>XcoT -;"<lfe-C*fc 

u>x>ieu>x\ Sl2l¥ii-ft fti/>X, ieu 

> x\ SS3Ki±iEu>X ( £u>x\ jEuyX, S4 6¥ 
lijEuvX, % u> xj; »j /jiotPSo 

H22S«?ati:W13a. SHU. IBISia^i-iffi^-CfeSo 
ieu>x\ ieu>x\ |u>x; ii/yxj: D^oti^ 

zi&&&w.*&mm2/>*m\em, 3517m. m\sm. xm 
mmx^mwrn. mom, wiiC/Tta'K-fcao 

;JSH»ffl 4 j* IB 4 HH^TWa Si fflM* ^ u > x\ 
lE u > x'. HZ u > X' J: y ft 9 ft»icoi¥ti1tttM2. 3 <t Jgfcl 

*3lftf*]5. 6li=fc* 2R5HI. 5S6HI(C7Tt-4-jffiy T\ l-^f 

^^2S4K-?5df±, ^ft(5Sj5/r»S25H. S261H. S27[*h H 
ffiffl 6 D^28tl, S29HI. S30[1^7?H-jiB U T**>5 0 



iEU^XJ; 9*19, IB3«^jEU'^X f IE U 
>X, j|i/>x~, lEu^XJ; 9*19 , K4ttd?tti<$ffi(c 

SflXSSttattJBSIH, S32& S33[IJlC;^-tjl9-C<Jb 

^*W8. 9.io(±, ^^isi, sea sgioia^-f 

S2WMUVX, Hu>x, lEU-VX^*?*^ S3 
BWIEU^X. IEu>x\ ^u->X, lEuvXi:^/^ 
»3 , jB4i¥^*j*1MtcCiffiS:r&l^fc*<o^ -x ^ x u> 
x'^riEu>xr^ J; 9 /iotl^, 

mmmsfrmzm, mzm. 3B39eiic % h«?mio^s4o 

H. *41HI. S42ia(Cir:-tii«9T^Oo 

UttMllte, S11HlC7jW-jMcj T\ SiB^*i/>X 
>ZEl->XJ; V ft *) . S2»iu>x' ( iuyx, IE 
u > x J: ^ & 0 , S 3 2 fee/) IE u > Xt gi. \s > x'o 
£9IEU>X\ iEt/VX, tu^XJ:^,^, S4W> 
tt*flWlCiaDia*:r6iitt-*(0^ ^x^ x u > x'<t IE u>X 
J: 9 ioti^o 

50 ^ 3x54313. S44HI, »45l2lt^-*-iffi0 ^*>5 0 
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Mu>x, iEuvxj: rj fcij , M 3 8$/j* 3 flccoiE u v x 
<!: ft u>Xo& 9 IEu>x\ iEu->X\ !Eu>x", |i/ 

-5i]X^?>d^^^^46[l, S47I2, »48ia(^i-ifi9-C 

y 2 /r 

x = —4- Z A z i y 2 1 

1 + J 1- (y/r) 2 1 « 1 

^/f l r i±'4mffim&X'v\&m¥'&. A 2i i±##iii» 



(17) #rF2 9 2 0 5 4 9^ 

ooWffiEL !B13ia7!rM!B15Hliltj*Wl £>ift£ft*ftEL 
»167!?MM18ll«il|j!fe0il2coiK^*»ll, IS 19117^31 
/0 21@UllttM3coiaSA«ia, m22EI7!?3im24lElti3ISfi 
f*J 4 wi|X^ftj«|gI, »25ia75M!B27iatt**SW 5 coifed 
fflttHL IR28ia7^M!R3Oia(d:3IK0i|6coiKStt«kia, m 
31g|7iM!B33H«±l!««7<oiR3Sftj»BI, SI34III75MS 
36H(iHJffi(fiJ 8 cOlKSttfllia. ^37[gl7^^m39[l{i^^ 
m 9 *40H75^*42iafi||jBg«10<oiR28 

46H7!>3IJB48iaii*tfi«12a)iR2S«»H"C-*>6„ 
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